IQ motifs are predicted to interact with calmodulin-like proteins. Although Cyk1/Iqg1p (which will be referred to as Cyk1p for convenience) can interact with yeast calmodulin, we previously showed that the IQ motifs of Cyk1p were not required for this interaction [6] . Another candidate, Mlc1p, is a calmodulin-like protein from the budding yeast Saccharomyces cerevisiae, which was recently identified as a light chain for a budding yeast type V myosin, Myo2p [7] . Deletion of the IQ motifs of Myo2p, to which Mlc1p binds, does not produce any obvious phenotype. By contrast, gene disruption of MLC1 causes a cytokinesis defect [7] . These results led to the speculation that Mlc1p is a functional binding partner for Cyk1p [7] , a possibility we decided to test.
To facilitate the study of Mlc1p, a rabbit polyclonal antibody against a bacterially expressed Mlc1p was raised. The affinity-purified antibody recognizes a single band corresponding to Mlc1p in total yeast extract, and this band undergoes a mobility shift when Mlc1p is epitope tagged (Figure 1a) . We then performed immunoprecipitation experiments to determine if Mlc1p could interact with Cyk1p in yeast extracts. Mlc1p co-immunoprecipitated with Myc-tagged Cyk1p expressed at endogenous levels, and vice versa (Figure 1b ). This interaction was calcium independent, as it was detected in extracts prepared in buffer containing 1 mM EGTA. The interaction of Mlc1p with Cyk1p was dependent on the IQ motifs of Cyk1p, as Cyk1p in which the IQ motifs had been deleted (Cyk1∆IQ) did not interact with Mlc1p (Figure 1b) . Furthermore, the IQ motifs of Cyk1p were sufficient for the interaction with Mlc1p: IQ motifs tagged with Myc epitope and expressed under the GAL1 promoter were able to immunoprecipitate Mlc1p, and vice versa (Figure 1b) . These results show that Cyk1p interacts with Mlc1p in yeast extracts, and that this interaction is mediated by the IQ motifs of Cyk1p.
Overexpression of Mlc1p rescues the dominant-negative effect of IQ motif overexpression
We previously demonstrated that deletion of the IQ motifs of Cyk1p abolishes the localization of this protein to the bud neck, resulting in a cytokinesis defect [6] . If the IQ motifs interact with a protein that is required for the recruitment of Cyk1p, overexpression of the IQ motifs may produce a dominant-negative effect due to inhibition of Cyk1p localization. Furthermore, overexpression of the functional binding partner of the IQ motifs may rescue the dominant-negative effect of the IQ motifs. We used these predictions to test the hyothesis that Mlc1p is the functional binding partner of the Cyk1p IQ motifs.
A strain expressing Myc-tagged IQ motifs (amino acids 411-697 of Cyk1p, containing the first six IQ motifs) at high levels using the GAL1 promoter ( Figure 2c ) showed a growth defect (Figure 2b ). This growth defect is a result of overexpressing the IQ motifs, as these cells grew as well as wild type on yeast extract, peptone, dextrose (YPD) agar plates where the expression was repressed (Figure 2a ). Microscopic examination of IQ-expressing cells showed that these cells formed chains (Figure 2d ), indicating that cytokinesis was impaired.
To test the idea that overexpression of the IQ motifs could be titrating out a factor required for Cyk1p localization, IQ motif overexpression was induced in a strain in which the only copy of Cyk1p was tagged with green fluorescent protein (GFP) (see Supplementary material). Overexpression of the IQ motifs greatly reduced the fraction of cells that contain Cyk1-GFP rings. In control cells, 30% of large-budded cells contained Cyk1-GFP rings, whereas only 8% of cells overexpressing the IQ motifs had Cyk1-GFP rings (n ≥ 200). These results suggest that the IQ motifs of Cyk1p interact with a factor that is crucial for Cyk1p localization to the bud neck.
We then tested whether overexpression of Mlc1p could rescue the dominant-negative effects of Cyk1p IQ motif overexpression. Overexpression of Mlc1p alone in wildtype cells has no detrimental effects (data not shown). A construct expressing hemagglutinin (HA) epitope-tagged Mlc1p under the GAL1 promoter was transformed into the strain containing GAL1-Myc-IQ. In contrast to cells that only overexpressed the IQ motifs, cells overexpressing both the IQ motifs and Mlc1p had no growth defects and had normal cell morphology (Figure 2b,c,e) . We then wanted to determine if Mlc1p overexpression could rescue Cyk1p localization in the presence of excess IQ motifs. Whereas overexpression of IQ motifs reduced the percentage of Cyk1-GFP rings to 8% compared with 30% in control cells, co-overexpression of IQ motifs and Mlc1p restored Cyk1-GFP localization to 29%, similar to wildtype levels. (This experiment was performed three times with similar results. Data is from a representative experiment. n ≥ 200 cells.) The ability of Mlc1p to counteract the dominant-negative effects of IQ motif overproduction provides functional evidence of their interaction in vivo.
Mlc1p is required for Cyk1p localization
To gain direct evidence that Mlc1p is required for Cyk1p localization, we created a strain (RLY1023) in which the only copy of Mlc1p was under the GAL1 promoter and Cyk1p was tagged with GFP. Because of the stability of Mlc1p, cells were arrested with α factor in the presence of glucose for 10 hours in order to reduce Mlc1p levels significantly. Such a prolonged arrest did not affect the ability of the cells to exit the arrest and continue through the cell cycle. In experiments where Mlc1p depletion was nearly complete, there was a dramatic loss of Cyk1-GFP localization (Figure 3a) . In other experiments, where Mlc1p levels were reduced but not completely depleted, there was a corresponding decrease in Cyk1p localization (Figure 3a) . This suggests that Mlc1p is required for Cyk1p recruitment to the bud neck. Phalloidin staining also showed that F-actin did not form a ring at the bud neck after Mlc1p depletion (data not shown), consistent with Mlc1p being necessary for Cyk1p localization and actin recruitment.
As Mlc1p affects the stability of Myo2p [7] , we wanted to determine if the decrease in Cyk1p localization was due to reduced Cyk1p levels after Mlc1p depletion. In order to detect Cyk1p, Cyk1-GFP was immunoprecipitated from extracts prepared from cells with and without Mlc1p depletion, and visualized by immunoblot analysis. There was no decrease in the amount of Cyk1p in cells grown in glucose relative to cells grown in galactose (Figure 3b ), even though the Mlc1p level was greatly reduced in glucose (Figure 3b ). This demonstrates that loss of Mlc1p does not affect Cyk1p stability.
Mlc1 localizes to the bud neck and sites of polarized cell growth
We performed immunofluorescence staining using affinity-purified Mlc1p antibody to determine the localization of Mlc1p. Only diffuse staining was seen with the preimmune sera (data not shown). Staining with the antiMlc1 antibody showed that Mlc1p was localized to emerging buds and the tips of small-and medium-sized buds (Figure 4a ), which are sites of polarized growth. Mlc1p also localized to the bud neck, often along with bud tip localization in small-budded cells (Figure 4a ). Costaining with DAPI (to stain the nucleus) showed that Mlc1p is associated with the bud neck both before and after nuclear division (Figure 4b ). In contrast, Cyk1p is only found at the bud neck of large-budded cells with divided nuclei [5] . Co-staining for both Mlc1p and Cyk1p confirmed that Mlc1p rings in small-or medium-budded cells did not contain Cyk1p, but Mlc1p and Cyk1p did colocalize in large-budded cells with divided nuclei (Figure 4b ). Mlc1p localization is unaffected in cells that lack Cyk1p. After Cyk1p depletion [5] , Mlc1p was still able to localize to bud tip and necks (Figure 4c ), as in wild-type cells (Figure 4a,b) , indicating that Mlc1p localization is independent of Cyk1p. These results are consistent with a model in which Mlc1p localizes to the bud neck first, then recruits Cyk1p.
We investigated the ability of Mlc1p to localize in strains with a Myo2p IQ deletion [7] . Retention of Mlc1p at the tips of growing buds is dependent on the interaction with Myo2p (see Supplementary material). We also looked at Mlc1p localization in a temperature-sensitive septin mutant. At the non-permissive temperature, Mlc1p can localize to bud tips, but does not localize to the bud necks of cells with undivided nuclei. Mlc1p can, however, localize to bud necks in telophase cells in the absence of septins (see Supplementary material). In summary, we have shown that the IQ motifs physically interact with Mlc1p and that this interaction regulates Cyk1p localization. In cells that lack Mlc1p, Cyk1p cannot localize to the bud neck, F-actin is not recruited and cytokinesis fails. These results, together with the cytokinesis phenotype caused by MLC1 gene disruption [7] , suggest that the essential function of Mlc1p is mediated through interaction with Cyk1p.
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Mammalian IQGAP1 has also been reported to bind myosin essential light chain [8] , suggesting that this interaction may be conserved in all eukaryotes. It will be interesting to determine if the functional consequence of such an interaction is also conserved.
Supplementary material
Supplementary material including additional results and discussion, and methodological details is available at http://current-biology.com/ supmat/supmatin.htm.
